We present a theoretical study of the impact of oxygen diffusion in oxide crystals on metal dopants ionic state and the conduction type under thermal equilibrium.
I. INTRODUCTION
Oxide crystals are commonly used as hosts for different metal ions, serving various optical applications such as laser gain materials, and light saturable absorbers [1] [2] [3] . At elevated temperatures, the crystal may loose lattice oxygen under an ambient reducing atmosphere, thus creating oxide vacancies and free electrons. Oxygen diffusion in oxide crystals is of interest in relation to color centers [2] , as well as valence transformations of embedded metal ions [3] . These processes belong to the general subject of chemical diffusion in solids, which is of considerable theoretical and practical importance [4] [5] [6] [7] [8] [9] .
In our present work we study the valence transformations of metal ions embedded in oxide crystals induced by slow changes in the ambient partial oxygen pressure. Critical transitions from n-to a p-type at an oxygen partial pressure i P , and in ionization state of the metal dopant at an oxygen partial pressure M P , are usually not simultaneous, and depend on the different reaction constants
We consider the issue in two companion papers; the present one, Part I, provides a thermodynamic analysis, namely the concentration of the various species involved in the physical and chemical process after achievement of thermodynamic equilibrium. From an experimental point of view it relates to very small rates of the ambient oxygen pressure changes. The material shown is in fact wholly contained in reference [8] , and is provided here separately for completeness of presentation and ease of comprehension of our next, Part II companion paper. The said Part II companion paper, addresses the kinetic aspects, namely the temporal changes and spatial profiles developing during the oxygen vacancy diffusion upon sudden gross changes in the ambient oxygen pressure.
II. MODEL
The oxygen vacancies involved are assumed to be shallow, each contributing two electrons to the lattice conduction band. The oxygen surface evaporation is described by the reaction 
where  h is a free hole. We assume that the metallic dopant ion
namely, it may capture a single free electron and change into an 
where
K are the corresponding temperature-dependent reaction constants. In addition, the electro-neutrality condition is
and the M-dopant conservation condition
Equations (4)- (8) establish a set of 5 independent equations for the 5 unknown variables
A parametric solution for the reduced variables as functions of the ambient partial oxygen pressure P , using  as a free parameter, is
, are respectively the ambient oxygen pressure and the reaction constants in dimensionless forms.
Based on Eq. (9), the different species concentrations as functions of the partial ambient oxygen pressure are presented in Fig. 2 for different values of 2 K and 3 K . In Fig. 2(a) , 2 3 K is taken very small compared to 2 K , a condition automatically satisfied when  p M ions reside below mid-gap (Fig. 1) ; In contrast, in Fig. 2(b The specific parameter values used in Fig. 2(a Tables 1 and 2 
